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© A method of bending an artificial blood vessel 
(A). First, an artificial blood vessel (A) is formed by a 
pair of mutually separated ring-shaped wire mem- 
bers (10i , 10 2 ), a tubular outer member (7) connect- 
ing the wire members (10i, 10 2 ) together and con- 
sisting of a flexible and tensed sheet, and intermedi- 
ate ring-shaped wire members (12) arranged inter- 
mittently between the two ring-shaped wire members 
(10i, IO2) and fixedly sewn or bonded at their outer 
circumferential portions on or to the outer member 
(7). When the front ring-shaped wire member (10i) 
is drawn forward at the portions thereof which cor- 
respond to diametrically opposite divisional points 
(41 1t 43i) thereon while restricting the forward 
movement, which occurs in conjuction with this 
drawing operation, of the portions of the front wire 
member (10i) which correspond to intermediate 
point (42i, 440 between the divisional points (41 1, 



43i) by projections (18c) provided on tapering sur- 
face (18d) of a funnel type cylinder (18), this allow- 
ing the front ring-shaped wire member (1d) to be 
bent wavily so that the portions of the divisional 
points (41 1 , 43i) extend forward so as to form sum- 
mits of mountains with the portions of the intermedi- 
ate points (42i, 44i) forming the bottoms of ravines. 
When the portions of the divisional points (41 1, 43i) 
of the front ring-shaped wire member (10i) are fur- 
ther drawn forward, the intermediate ring-shaped 
wire members (12) and rear ring-shaped wire mem- 
ber (10 2 ) are bent wavily with the same phase as 
that of the front ring-shaped wire member (10i) 
owing to the restricting effect of the tapering surface 
(I8d) and projections (18c). As a result, the artificial 
blood vessel as a whole is folded into small seg- 
ments. 
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FIELD OF THE ART 

This invention relates to appliances for medical 
treatment and, more particularly, to an appliance 
collapsible for insertion into a human organ and 
capable of resilient restoration (which will be re- 
ferred to as "the appliance to be implanted" in this 
specification and claims), to a method of collapsing 
the appliance to be implanted, and to a device for 
introducing the collapsed appliance to be implanted 
into a catheter. 

PRIOR ART 

The artificial blood vessel is an example of the 
appliance to be implanted. At present, treatment of, 
for example, aortic aneurysm is conducted by im- 
planting an artificial blood vessel. In particular, the 
portion of a blood vessel which has an aneurysm is 
removed by resection, and an artificial blood vessel 
is implanted in place of the resected portion and 
connected to the remaining blood vessel by sutur- 
ing or the like. 

The above-mentioned method of surgically im- 
planting artificial blood vessels for treatment of 
aortic aneurysm, however, is highly dangerous. Es- 
pecially, an emergency operation for treatment of a 
ruptured aneurysm has a low life-saving rate, and 
an operation of dissecting aortic aneurysm is dif- 
ficult to conduct and has a high death rate. 

Therefore, in order to treat these diseases with- 
out a surgical operation, a method has been devel- 
oped of introducing into a catheter an appliance 
such as an artificial blood vessel in collapsed con- 
dition into a human organ such as a blood vessel, 
and transporting the appliance to a desired position 
such as an affected or constricted portion thereof, 
where the appliance is released so as to be ex- 
panded and implanted there with accuracy. 

The appliance to be implanted comprises a 
pair of end wire rings and a frame mainly com- 
posed of connecting wires which connect the 
above-mentioned end wire rings. The appliance is 
pushed at the rear end wire ring into a catheter and 
transported to a desired organ in a human body. In 
order to transport the appliance, the force applied 
to the rear end wire ring should be transmitted to 
the front end wire ring. Therefore, it is indispen- 
sable that the frame should be made of compara- 
tively strong metal and that the appliance should 
have the frame as an inevitable constructing ele- 
ment. If the above-mentioned frame is used, inter- 
ference is likely to take place between the end wire 
rings and the frame and prevents the end wire 
rings from being folded, which makes it difficult to 
fold the end wire rings into a regular wavy shape. 
The difficulty in folding the end wire rings will make 
it difficult to collapse the whole appliance to be 



implanted into a small size. 

As the end wire rings have an elastic limit, if a 
force exceeding the elastic limit is applied to the 
rings, the end wire rings folded for insertion into a 
5 catheter suffer plastic deformation so that the end 
wire rings may not be restored to a proper shape 
when released at an objective position in a human 
organ. The distortions caused by the plastic de- 
formation may give rise to sliding resistance and 
10 prevent the appliance to be implanted from travel- 
ing in a catheter, thereby to make it difficult or 
impossible for the appliance to be transported to a 
desired position. 

In addition, a frame, if used in the appliance to 
75 be implanted, is likely to hinder the appliance from 
being implanted in an appropriate shape into a 
human organ. Especially, in placing the appliance 
into a bent portion of a human organ, the frame 
may be deformed into a flat shape because dif- 
20 ferent parts of the frame interfere with each other. 
Even if the appliance has been implanted, it may 
not be able to function as it is intended to. In the 
conventional frame, the wire of the wire rings pro- 
vided at the opposite ends of the frame is exposed. 
25 so that the inner wall of a human organ may be 
scratched and damaged by the wire and blood is 
likely to leak out from the end wire rings because 
the rings are not adhered closely to the inner wall 
of the human organ. 
30 Even though a check valve is provided at the 
outer end of a catheter whose front end has been 
inserted into the blood vessel of a human body 
beforehand, the check valve must be temporarily 
opened when the collapsed appliance is introduced 
35 into the catheter, thereby to cause a lot of bleed- 
ing. It is therefor desirable to provide means for 
preventing bleeding. 

The present invention has been accomplished 
to solve the above-mentioned problems. The object 
40 of the invention is to develop an appliance of non- 
frame type, which can solve all of the above- 
mentioned problems. 



DISCLOSURE OF THE INVENTION 



45 



The method of collapsing the appliance to be 
implanted in accordance with the invention is char- 
acterized by that the appliance to be implanted 
comprises a pair of discrete end wire rings, a 
so tubular cover made of a sheet of flexible, tensile 
material which connects the above-mentioned end 
wire rings, and a plurality of intermediate wire rings 
arranged spaced apart between the above-men- 
tioned end wire rings and circumferentially fixed to 
55 the above-mentioned cover by suturing or with 
adhesive; and that the method comprises the steps 
of; pulling forward the front end wire ring at a 
plurality of dividing points which equally divide the 
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circumference of the front end wire ring while re- 
straining the midpoints between each adjacent two 
dividing points by a tapered surface from moving 
forward following the forward movement of the di- 
viding points, thereby to fold the front end wire ring 
into a wavy shape with the dividing points forming 
forwardly directed peaks and the midpoints forming 
the bottoms of forwardly directed valleys, and pull- 
ing the dividing points of the front wire ring farther 
forward thereby to fold the intermediate wire rings 
and the rear end wire ring into a wavy shape 
having the same phase as that of the front end wire 
ring by the effect of restraint with the tapered 
surface. 

A loop for a pull string to be passed through 
may be formed at each of the dividing points on 
the front end wire ring so that a front pull string 
may be passed through each of the loops and 
pulled forward. In particular, a common pull string 
may advantageously be passed through a plurality 
of loops so that the dividing points may be gath- 
ered together by pulling the common front pull 
string. A funnelled guide tube whose bore diameter 
is gradually reduced toward its forward end may be 
used to gather the dividing points and the mid- 
points by pulling forward the dividing points on the 
front end wire ring of the appliance to be implanted 
inserted into the funnelled guide tube through its 
rear opening. In particular, resiliently deformable 
projections can be formed on the tapered inner 
surface of the funnelled guide tube so as to bring 
the midpoints into contact with the projections 
thereby to effectively restrain the midpoints from 
moving forward following the movement of the di- 
viding points and cause the midpoints to approach 
to each other. The end wire rings can be circum- 
ferentially covered with elastic protective material. 

The appliance to be implanted in accordance 
with the invention is characterized by that a pair of 
discrete end wire rings which are resiliently fol- 
dable are provided at opposite ends; that the end 
wire rings are connected by only a tubular cover 
made of a sheet of flexible, tensile material; and 
that a plurality of intermediate wire rings are ar- 
ranged between the above-mentioned end wire 
rings and fixed to the above-mentioned cover at 
appropriate points on the circumference thereof by 
suturing or with adhesive. 

The flexible, tensile sheet may be made, for 
example, of warps extending in the axial direction 
of the appliance to be implanted woven with wefts 
extending in the circumferential direction thereof. 
The warps are made of mono-filament of polyester 
capable of keeping its shape and the wefts are 
made of multi-filament of polyester having water- 
proof ness. 

The tubular cover may be in the form of bel- 
lows. Especially, the end wire rings may advanta- 



geously be connected by restraining strings so as 
to prevent the bellows from overstretching to ex- 
ceed a given limit. The end wire rings can be 
circumferentially covered with an elastic protective 

5 material. Further, thorns can be provided on the 
circumference of at least one of the wire rings so 
as to stick into a human organ to be embedded 
therein. The thorns may be effectively formed by 
curving a wire into a loop, crossing the opposite 

10 end portions of the wire, and fixing the crossing 
point, thereby to form the opposite end portions 
into the thorns. 

The device for introducing the appliance to be 
implanted in collapsed state into a catheter in ac- 

75 cordance with the invention comprises an attach- 
ment having a flexible check valve which closes an 
open end thereof and fixed to an open end of a 
catheter, and a cartridge removably attachable to 
the above-mentioned attachment and having an 

20 open end closed by a flexible check valve and a 
front end portion connected to the above-men- 
tioned catheter when the cartridge is attached to 
the attachment; and by that the check valve of the 
cartridge is pushed open to introduce the appliance 

25 to be implanted into the cartridge, and while the 
check valve of the cartridge is kept nearly closed, 
the front end portion of the cartridge is inserted 
into the catheter by pushing the check valve of the 
attachment open. 

30 The bore diameter of the attachment of the 

catheter is made larger than that of the open end 
of the catheter, so that when the cartridge is at- 
tached, the bore of the front end portion of the 
cartridge may be smoothly connected to the open 

35 end of the catheter through the attachment of the 
catheter. 

With the method of collapsing the appliance to 
be implanted in accordance with the invention, the 
operation of collapsing the appliance can be con- 

40 ducted with ease and accuracy. It is difficult to fold 
the front end wire ring into such a small size that 
can be contained in a catheter just by applying 
non-directional external force thereto. However, if 
the dividing points which equally divide the circum- 

45 ference of the front end wire ring are pulled forward 
with the midpoints provided between the dividing 
points being restrained by a tapered surface from 
moving forward following the dividing points, the 
front end wire ring is folded into a wavy shape with 

so the midpoints serving as footholds and with the 
dividing points forming forwardly directed peaks 
and the midpoints forming the bottoms of forwardly 
directed valleys. After the front end wire ring has 
been bent, the intermediate and the rear end wire 

55 rings also are folded into a wavy shape having the 
same phase as that of the front end wire ring by 
pulling farther forward the dividing points on the 
front end wire ring to transmit the pulling force to 
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the intermediate and the rear end wire rings 
through the tensile cover, and by simultaneously 
restraining the intermediate and the rear end wire 
rings by means of a tapered surface, thereby to 
collapse the whole appliance into a small size with 
ease. 

What should especially be referred to is that 
the method of collapsing the appliance to be im- 
planted in accordance with the invention is char- 
acterized by that a pair of end wire rings provided 
at the opposite ends of the appliance are con- 
nected by only a tubular cover which is made of a 
sheet of flexible, tensile material; and that the front 
end wire ring is pulled forward. The conventional 
method, in which the rear end portion of the appli- 
ance to be implanted is pushed to insert the appli- 
ance into a human organ, requires a relatively 
strong frame made mainly of connecting wire rings 
in order to transmit the force applied to the rear 
end of the appliance to the forward portion thereof. 
However, the invention is based on pulling the front 
end wire ring forward, thereby to make it possible 
to insert the appliance with ease even without a 
frame. In addition, the cover follows the movement 
of the wire rings being folded and is transformed 
into any desired shape, thereby to avoid interfer- 
ence between the wire rings and the frame. Con- 
sequently, by the method of collapsing the appli- 
ance in accordance with this invention it is possible 
to fold each of the wire rings into a wavy shape 
and to collapse the whole appliance into a small 
size with ease. 

The operation of folding the wire rings is con- 
ducted with ease by forming loops for a pull string 
to be passed through at the dividing points on the 
front end wire ring and pulling forward a front pull 
string passed through the loops. In particular, a 
common front pull string passed through a plurality 
of loops is more effective to change the pulling 
force to a force to fold the wire rings because the 
dividing points are gathered toward each other. 

In collapsing the appliance, a funnelled guide 
tube whose bore diameter is gradually reduced in 
the forward direction may advantageously be used, 
so that the dividing points and midpoints of the 
wire rings are gathered toward each other as the 
appliance to be implanted is inserted farther into 
the funnelled tube, thereby to collapse the appli- 
ance as a whole into a small size. If projections 
resiliently deformable and engageable with the 
midpoints are formed on the tapered inner surface 
of the funnelled guide tube, the midpoints are 
urged toward each other by the counterforce from 
the projections, and a space is formed between the 
end wire rings and the funnelled guide tube, there- 
by effectively to prevent the appliance and the 
funnelled guide tube from closely contacting each 
other to increase sliding resistance therebetween 



so that the appliance cannot be moved in the guide 
tube - 

Elastic protective material circumferentially 
covering the end wire rings is useful to prevent the 
5 appliance from being damaged when collapsed into 
a small size. If the wire ring is bent to such a 
degree that the elastic limit is exceeded, not only it 
becomes difficult for the ring to be restored to its 
original annular shape but also it becomes impos- 
w sible to move the ring in a catheter due to the bent 
portion being caught in the catheter. However, if 
protective material is provided, the material dis- 
perses the tension which would otherwise be ex- 
erted locally on the dividing points when the points 
75 are strongly pulled, thereby to prevent tension from 
being applied locally to the dividing points so that 
the elastic limit is exceeded to bent the wire ring. 
The protective material prevents the front end wire 
ring from being plastically deformed, and provides 
20 it with a proper capability of resilient restoration to 
an annular shape and of traveling smoothly in a 
catheter, thereby to fold the front end wire ring into 
a regular wavy form. 

The appliance having no frame, as mentioned 
25 above, properly functions as an artificial blood ves- 
sel. The appliance in accordance with the invention 
has a feature that the cover itself is tensile and is 
held by the wire rings at both ends and the inter- 
mediate wire rings at appropriate points thereof. 
30 Therefore, when the whole appliance is released 
from the state of being collapsed and each of the 
wire rings are resiliently restored to the annular 
shape, the cover is resiliently restored to its original 
proper tubular shape. The conventional appliance 
35 having a frame is likely to be deformed flatly be- 
cause of mutual interference of the component 
parts when it is arranged in a bent portion of a 
human organ. However, the appliance of the inven- 
tion having no frame can be transformed into any 
40 desired shape so as to conform to different shapes 
of a human organ. 

A sheet woven with warps and wefts, in which 
the warps are made of mono-filament of polyester 
and the wefts are of multi-filament of polyester, 
45 makes the whole appliance flexible. In addition, the 
warps provide the cover of the appliance with ten- 
sile strength in the axial direction and a capability 
of keeping its shape, and the wefts make the sheet 
closely woven and increase its waterproof ness. 
so If the sheet of the cover is in the form of 
bellows, the whole appliance is bent smoothly, 
thereby to improve the condition of the appliance 
when implanted into a human organ. If the sheet of 
the cover is in the form of bellows, restraining 
55 strings connecting the front and the rear end wire 
rings can prevent the bellows from stretching to 
such a degree that the elastic limit is exceeded to 
be flat. 
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The elastic protective material circumferentially 
covering the wire rings can prevent, as mentioned 
previously, not only the wire rings from being plas- 
tically deformed when folded into a small size but 
also the inner wall of a human organ from being 
damaged by direct contact with the wire rings. The 
protective material also acts as a seal to attach 
both ends of the appliance to be implanted tightly 
to the inner wall of a human body, thereby to 
effectively prevent leakage of blood through the 
ends of the appliance when implanted. 

When thorns are provided projecting from the 
wire rings, they stick into the inner wall of a human 
organ to be embedded therein so that the whole 
appliance is fixed to the human organ. Therefore, 
the thorns effectively prevent the appliance from 
being displaced or even carried by blood flow 
downstream in a blood vessel. The thorns are 
formed with ease by curving a wire into a loop, 
crossing both end portions of the wire, and fixing 
the crossed parts with a string or the like, even 
though the material of the wire is difficult to weld. 
The thorns thus formed reliably function as men- 
tioned above for a long time. 

In addition, with the device for introducing a 
collapsed appliance to be implanted into a catheter 
in accordance with the invention it is possible to 
introduce the appliance to be implanted smoothly 
into a catheter. In particular, the appliance to be 
implanted is inserted into the cartridge by pushing 
the check valve open as far as the appliance 
reaches a position at which it is almost completely 
contained in the cartridge. Before or after the inser- 
tion, the cartridge is attached to the attachment 
provided at the open end of the catheter, and then 
the appliance is pulled farther forward in that con- 
dition so as to be introduced into the catheter 
through the attachment. When the check valve in 
the attachment is opened, the check valve of the 
cartridge is closed, so that blood flowing into the 
cartridge is prevented from flowing outside the 
body through the cartridge without fail. In addition, 
if the appliance is to be inserted directly into the 
catheter, the appliance cannot be inserted smooth- 
ly because of the catheter and the appliance being 
flexible, and the catheter is bent by the force 
applied to the appliance, thereby to block the pas- 
sage through which the appliance is to be inserted 
or to make the catheter fragile. On the other hand, 
if the appliance is to be inserted into the catheter 
through the attachment and the cartridge, by mak- 
ing the attachment and the cartridge strong and of 
such a shape as to be handled with ease it is 
possible to solve the problem of the catheter being 
bent or otherwise deformed, thereby to enable the 
appliance to be introduced into the catheter 
smoothly and with ease. If the bore diameter of the 
attachment is made bigger than that of the catheter 



and the bore diameter of the front end of the 
cartridge is smoothly connected to that of the open 
end of the catheter when the cartridge is attached 
to the catheter, it is possible to prevent the appli- 
5 ance to be implanted from being temporarily swol- 
len in the attachment and caught therein, and to 
introduce the appliance to be implanted deep into 
the catheter. 

w BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an artificial 
blood vessel used in one embodiment of the inven- 
tion. 

75 Fig. 2 is a vertical cross-sectional view of part 

of the artificial blood vessel. 

Fig. 3 is a perspective view of a device for 
transporting the artificial blood vessel, used in the 
embodiment 

20 Fig. 4 is a perspective view of a device for 

introducing the artificial blood vessel, used in the 
embodiment. 

Fig. 5 is an enlarged vertical cross-sectional 
view of part of the attachment shown in Fig. 4. 
25 Fig. 6 is an enlarged vertical cross-sectional 
view of part of the cartridge shown in Fig. 4. 

Fig. 7 is a perspective view of the artificial 
blood vessel through which the device for trans- 
porting the artificial blood vessel is loosely in- 
30 serted. 

Fig. 8 is a perspective view showing a step to 
hold the artificial blood vessel by means of the 
device for transporting the artificial blood vessel. 

Fig. 9 is a perspective view showing a step to 
35 hold the artificial blood vessel by means of the 
device for transporting the artificial blood vessel. 

Fig. 10 is an enlarged perspective view show- 
ing part of the artificial blood vessel kept by the 
device for transporting the artificial blood vessel. 
40 Fig. 11 is a perspective view showing a step to 
introduce the artificial blood vessel into a catheter. 

Fig. 12 is a perspective view showing a step to 
introduce the artificial blood vessel into the cath- 
eter. 

45 Fig. 13 is a perspective view showing a step to 
introduce the artificial blood vessel into the catheter 
by means of the device for introducing the artificial 
blood vessel. 

Fig. 14 shows the front end wire ring of the 
so artificial blood vessel being folded . 

Fig. 15 shows the front end wire ring of the 
artificial blood vessel being folded. 

Fig. 16 shows the front end wire ring of the 
artificial blood vessel being folded. 
55 Fig. 17 shows the front end wire ring of the 

artificial blood vessel being folded in a funnelled 
tube. 
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Fig. 18 shows the intermediate wire rings and 
the rear end wire rings of the artificial blood-vessel 

being folded. 

Fig. 19 shows the collapsed artificial blood 

vessel. 

Fig. 20 shows the artificial blood vessel being 
inserted into the cartridge. 

Fig. 21 shows the artificial blood vessel in- 
serted into the cartridge. 

Fig. 22 shows the artificial blood vessel trans- 
ported from the cartridge to the attachment. 

Fig. 23 is a cross-sectional view showing the 
artificial blood vessel transported to the affected 
portion. 

Fig. 24 shows a step to release the artificial 
blood vessel at an affected part in a blood vessel. 

Fig. 25 shows a step to release the artificial 
blood vessel at the affected part in the blood 
vessel. 

Fig. 26 is a cross-sectional view showing the 
artificial blood vessel released at the affected por- 
tion in the blood vessel. 

Fig. 27 shows a step to expand the artificial 
blood vessel by means of a balloon catheter. 

Fig. 28 shows the principle of another embodi- 
ment of the invention. 

Fig. 29 shows the principle of a different em- 
bodiment of the invention. 

Fig. 30 is a perspective view corresponding to 
Fig. 12 of a further different embodiment of the 
invention. 

Fig. 31 is an enlarged perspective view of part 
of the above embodiment. 

Fig. 32 is an enlarged cross-sectional view 
along the line Z-Z in Fig. 31 . 

Fig. 33 is a perspective view corresponding to 
Fig. 31 of a modified form of the embodiment. 

BEST MODES OF EMBODYING THE INVENTION 

The invention will be described in detail with 
reference to the embodiments thereof shown in the 
accompanying drawings. 

The artificial blood vessel A as the appliance to 
be implanted, which is collapsed by the method in 
accordance with this invention, comprises, as 
shown in Fig. 1, a cover 7, end wire rings 10i, 10 2 
and intermediate wire rings 12. 

The cover 7, as shown in Fig. 2, consists of a 
flexible, tensile sheet shaped into a tube of bellows, 
the diameter of which generally corresponds to the 
normal diameter of that portion of the human blood 
vessel at which the artificial blood vessel A is to be 
implanted. The sheet of the cover 7 is, for exam- 
ple, of warps extending in the axial direction of the 
artificial blood vessel A woven with wefts extending 
in the circumferential direction thereof, wherein the 
warps are . of mono-filament made of polyester 



(about 15 denier) and the wefts are of multi-fila- 
ment made of a plurality of superfine filaments 
(about 50 denier) interwoven. The cover 7 is coat- 
ed, if necessary, with waterproof material, for ex- 
5 ample, collagen or albumin, to prevent leakage of 
blood. 

The end wire rings 10i , 10 2 , whose inner diam- 
eter generally corresponds to that of the above- 
mentioned cover 7, are axially spaced apart and 
10 arranged face to face, and are fixed to the opposite 
ends of the cover 7 by suturing or with adhesive as 
shown in Fig. 2. The circumferences of the end 
wire rings 10i, 10 2 are covered with protective 
braid members 10a, which are closely fixed to the 
75 end wire rings 10i, IO2 at appropriate positions 
with thread, adhesive or the like. 

The intermediate wire rings 12, which com- 
prise, as shown in Figs. 1 and 2, one or two wire 
rings 12a wrapped with protective film 12b made of 
20 cloth or the like, are arranged axially equidistantly 
between the end wire rings 10i and IO2, and fixed 
to the cover 7 at appropriate positions on the 
circumference thereof with thread, adhesive or the 
like. The above-mentioned end wire rings 10i. 10 2 
25 and the intermediate wire rings 12 help keep the 
tubular shape of the cover 7. Thorns 12ai are 
formed at two diametrically opposite positions on 
each of those two intermediate wire rings 12 each 
of which comprises two wire rings 12a, so that the 
30 thorns 12ai may stick into a human organ so as to 
be embedded therein. In particular, the wires 12a 
of the intermediate rings 12 as well as those of the 
end wire rings 10i , 10 2 are made of Ti-Ni alloy or 
the like. The wires of Ti-Ni alloy have a high 
35 resilient restoring force, but are hard to weld. As 
the Ti-Ni alloy has the above-mentioned character- 
istic, the thorns 12ai are formed by forming a 
length of wire 12a into a loop, whose opposite end 
portions are crossed so as to provide a pair of 
40 short lengths of wire projecting from the crossing 
point, which is tied with a string or the like, and the 
projecting end wire portions are bent to provide the 
thorns 12ai on the ring. In the same manner, a pair 
of thorns 12ai are provided on another ring formed 
45 of a length of wire 12a. The two rings are arranged 
side by side, with the thorns 12ai on one of the 
rings arranged diametrically opposite to the thorns 
12ai on the other ring. The two rings 12a are 
covered with a protective film 12b. through which 
50 ' the thorns 12ai project outside. 

As shown in Fig. 1 , let it be assumed here that 
the circumference of the front end wire ring 10i to 
be first introduced into the catheter 8 is bisected 
by two points which will be referred to as the 
55 dividing points 41 1, 43i, and the two midpoints 
between the two dividing points 41 1, 43i will be 
referred to as the midpoints 42i, 44i. On the 
circumference of the rear end wire ring 10 2 , those 
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points whose phases are the same as the dividing 
points 41 1, 43i and the midpoints 42i, 44i will be 
referred to as the points 41 2, 432 corresponding to 
the dividing points 41 1, 43i and the points 422, 442 
corresponding to the midpoints 42i, 44i, respec- 
tively. On the circumference of the intermediate 
wire ring 12, those points whose phases are the 
same as the dividing points 41 u 43i and the mid- 
points 42i, 44i will be referred to as the points 
413, 433 corresponding to the dividing points 41i, 
43i and the points 423, 443 corresponding to the 
midpoints 42i , 44i , respectively. As shown in Fig. 

1, a pair of loops 13 of thread or the like are so 
formed that the centers thereof are positioned at 
the dividing points 41^ 43i of the front end wire 
ring 10l Restraining strings 14 bridge the end wire 
rings 10i and 10 2 so as to prevent the artificial 
blood vessel A from being stretched unnecessarily 
too much along the axis thereof. 

In order to implant the artificial blood vessel A 
of the above-mentioned construction into a target 
organ of a human body, a device B for transporting 
artificial blood vessels (see Fig. 3) is used to trans- 
port the artificial blood vessel A to the target organ 
of the human body through the catheter 8 and a 
device C for introducing artificial blood vessels (see 
Fig. 4) is used to introduce the artificial blood 
vessel A into the catheter 8. 

The device B for transporting artificial blood 
vessels, as shown in Fig. 3, comprises a flexible 
metallic tube 2 whose front end portion is con- 
nected to a helical spring 2a for guiding, a side 
window 1 formed adjacent the front end of the tube 

2, a pair of strings 4 having both their ends fixed to 
the tube 2 adjacent the side window 1 and their 
middle portions formed into loops 4a, and a length 
of wire 3 slidably inserted into the tube 2. 

The device C for introducing artificial blood 
vessels, as shown in Fig. 4, comprises an attach- 
ment 5 integrally connected to the catheter 8 
through an open end 8a thereof, and a cartridge 6 
removably attached to the attachment 5. As shown 
in Figs. 4 and 5, the attachment 5 comprises a first 
and a second annular member 51, 52 which are 
internally threaded to form female screws, a third 
annular member 53 which is externally threaded to 
form male screws at opposite ends, which engage 
the above-mentioned female screws thereby to 
connect the first and the second annular members 
51, 52, and a straw member 54 which liquidtightly 
joins the interior of the first annular member 51 
with that of the open end 8a of the catheter 8. A 
check valve 55 made of elastic membrane is pro- 
vided inside the second annular member 52 to 
close the open end thereof. The cartridge 6, as 
shown in Fig. 4 and 6, is of generally the same 
construction as the attachment 5 and comprises 
first and second annular members 61, 62 which are 



internally threaded to provide Internal female 
screws, a third annular member 63 which is exter- 
nally threaded to form male screws at opposite 
ends, which engage the above-mentioned female 

5 screws at opposite ends to connect the first and 
second annular members 61, 62, and a straw 
member 64 which projects from the first annular 
member 61 in the direction of insertion. A check 
valve 65 made of elastic membrane is provided 

to inside the second annular member 62 to close the 
open end thereof. 

As shown in Fig. 4, the straw member 64 of the 
cartridge 6 is so constructed that the front end 
portion 6a thereof is removably fitted into the rear 

15 end portion 5a of the attachment 5 which is con- 
nected integrally to the open end 8a of the above- 
mentioned catheter 8. In particular, as shown in 
Figs. 4, 5, and 6, the bore diameter di of the straw 
member 54 of the attachment 5 is a little larger 

20 than the bore diameter 62 of the straw member 64 
of the cartridge 6, and the length L 2 of the straw 
member 64 is approximately equal to the full length 
Li of the attachment 5. Similarly the bore diameter 
d 2 of the straw member 64 of the cartridge 6 is 

25 approximately equal to the bore diameter d3 of the 
open end 8a of the catheter 8. When the cartridge 
6 is inserted a certain length into the attachment 5, 
the straw member 64 is inserted into the straw 
member 54 so that the bore d 2 of the straw mem- 

30 ber 54 is smoothly connected to the bore d3 of the 
open end 8a of the catheter 8. The above-men- 
tioned check valves 55, 65 are made of elastic 
membrane, in each of which a normally closed 
hole, not shown in drawings, is formed. 

35 A funnelled tube 18, as shown in Fig. 4, is 
provided as a guide tube to help collapse the 
artificial blood vessel A. The funnelled tube 18 is 
provided with an inlet opening 18a of an enlarged 
diameter at the rear end portion, through which the 

40 tubular artificial blood vessel A is inserted into the 
funnelled tube 18. The funnelled tube 18 is gradu- 
ally reduced in diameter from the inlet opening 18a 
to end in a tubular connector 18b of a smaller 
diameter at the front end portion thereof, so that 

45 the tube 18 has a tapered inner surface 18d. The 
funnelled tube 18 is removably connected to the 
cartridge by inserting the front connector 18b into 
the rear end portion 6b of the cartridge 6. Elas- 
tically transformable projections 18c are provided 

50 at regular intervals from the rear end portion to the 
front along two specific generatrices on the tapered 
inner surface I8d of the funnelled tube 18. When 
the artificial blood vessel A travels along the ta- 
pered inner surface 18d of the funnelled tube 18, 

55 the projections 18c are elastically transformed by 
the vessel A to exert a resilient counterforce to the 
artificial blood vessel A thereby to contract vessel 
A. 



13 



EP 0 680 733 A1 



14 



In order to form the projections 18c with ease, 
as shown in Fig. 4, several pairs of holes I8e are 
formed on the tapered wall 18d of the funnelled 
tube 18, and a wire 18f is inserted through one of 
each pair of holes 18e and drawn out through the 
other of the pair of holes 18e so as to form a 
looped projection 18c erect on the inner side of the 
tapered inner surface 18d, with appropriate portions 
of the wire 18f being tied with a string 18g. 

The operations of collapsing the artificial blood 
vessel A and implanting it into a target portion (an 
affected part 26) of a blood vessel 9 by means of 
the device B for transporting artificial blood vessels 
and the device C for introducing artificial blood 
vessels of the above-mentioned constructions, will 
now be described below. 

First, the tube 2 is inserted through the artificial 
blood vessel A as shown in Fig. 7, and each of a 
pair of strings 4 is passed through each loop 13 of 
the artificial blood vessel A as shown in Fig. 8, and 
the looped portions of the strings 4 overlap as 
shown at 4a. Next, a wire 3 has its forward end 
taken out of the side window 1 as shown in Fig. 9, 
and the overlapped portions of the looped portions 
4a are hooked over the wire 3, and then the wire 3 
has its forward end inserted again into the tube 2 
through the side window 1 so as to hold the artifi- 
cial blood vessel A on the wire 3 and the tube 2 
through the strings 4. Then, the artificial blood 
vessel A is inserted into the cartridge 6 shown in 
Fig. 4 through the funnelled tube 18. In particular, 
the midpoints 42i , 44i are aligned with the above- 
mentioned generatrices of the funnelled tube 18. 
with a common front pull string 20 being passed 
through the loops 13 provided at the dividing points 
41 1, 43i on the front end wire ring 10i of the 
artificial blood vessel A as shown in Fig. 11. A 
balloon catheter 23, as shown in Fig. 12, may be 
used, if necessary. The balloon catheter 23 com- 
prises a pipe 23a, a balloon 23b formed on the 
front end portion of the pipe 23a, and an opening 
23c provided in the rear end of the pipe 23a for air 
to be introduced into or taken out of the above- 
mentioned balloon 23b through the pipe 23a. The 
pipe 23a is loosely fitted over the tube 2 of the 
above-mentioned device B for transporting artificial 
blood vessels. In other words, the rear end portion 
of the device B for transporting artificial blood 
vessels is drawn outside from the rear end of the 
balloon catheter 23 while the front end portion of 
the device is passed through the balloon 23b of the 
balloon catheter 23 and exposed outside, with the 
portions of the catheter 23 through which the tube 
2 is passed being airtightly sealed. The rear end 
portion of the pipe 23a is removably connected to 
the tube 2 of the device B for transporting artificial 
blood vessels by a fixing member 24, and the 
balloon catheter 23 and the tube 2 of the device B 



for transporting artificial blood vessels can be 
moved together as a unit longitudinally when the 
fixing member 24 is fastened, and the balloon 
catheter 23 can be moved longitudinally relative to 

> the tube 2 of the device B when the fixing member 
24 is loosened. The balloon catheter 23 is so 
positioned that the front end thereof is spaced 
about 2 to 3 cm apart from the rear end of the 
artificial blood vessel A loosely fitted over the tube 

o 2. Then the fixing member 24 on the balloon cath- 
eter 23 is fastened to fix the catheter 23 to the tube 
2 so that the catheter 23 and the tube 2 can be 
moved together as a unit. 

Before or after the above step, the funnelled 

,s tube 18 is attached to a cartridge 6 as shown in 
Fig. 13. In attaching the funnelled tube 18 to the 
cartridge 6, the connector 18b of the funnelled tube 
18 is inserted into the annular member 62 of the 
cartridge 6 so that the check valve 65 of elastic 

20 membrane provided inside the annular member 62 
is pushed open by the connector 18b of the fun- 
nelled tube 18, and the connector 18b is inserted a 
little into the straw 64 of the cartridge 6. The front 
pull string 20 is inserted into the funnelled tube 18 

25 through the rear end portion 18a thereof and with- 
drawn forward through the straw 64 at the front end 
of the cartridge 6, with the tube 2 inserted a certain 
length into the funnelled tube 18. Under the con- 
dition, the front pull string 20 is pulled forward to 

30 introduce the artificial blood vessel A into the fun- 
nelled tube 18 through the enlarged inlet opening 
18a thereof. 

Under the condition, as the front pull string 20 
is farther pulled, the dividing points 41 1 , 43i on the 
35 front end wire ring 10i of the artificial blood vessel 
A are pulled by the front pull string 20, as shown in 
Fig. 14, and the midpoints 42i, 44i are engaged 
by the projections 18c provided along the 
generatrices on the tapered surface 18d, so that 
40 the front end wire ring 10i is deformed with the 
dividing points 41 1, 43i approaching toward each 
other with the midpoints 42, , 44i serving as foot- 
holds as shown in Fig. 15. The midpoints 42i. 44i 
are restricted by the projections 18c and left be- 
45 hind the dividing points 41 , , 43i , and urged by the 
resilient counterforce of the projections 18c to ap- 
proach each other, thereby to cause the front end 
wire ring 10i to be folded flat as shown in Fig. 16. 
In short, the front end wire ring 10i is transformed 
50 from the shape shown in Fig. 14 to the shape 
shown in Fig. 15, and thence to the shape shown in 
Fig. 16, with the dividing points 41 1 , 43i where the 
loops 13 are provided forming forwardly directed 
peaks and the midpoints 42i, 44i forming the 
55 bottoms of forwardly directed valleys, so that the 
front end wire ring 10i as a whole takes a regular 
wavy shape. In short, as shown in Fig. 17, the front 
end wire ring Id is passed through the funnelled 
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tube 18 while being farther folded. Since the cover 
7 is tensile, as the front pull string 20 is pulled 
forward, the pulling force is transmitted through the 
cover 7 to the points 41 3 433 on the intermediate 
rings 12 corresponding to the dividing points and 
the points 41 2, 432 on the rear end wire ring IO2 
corresponding to the dividing points, as shown in 
Fig. 18. The points 423, 443 on the intermediate 
rings 12 corresponding to the midpoints and the 
points 422, 442 on the rear end wire ring IO2 
corresponding to the midpoints are restrained by 
the projections 18c when they move along the 
generatrices on the tapered surface 18d, with the 
points 41 3 , 433, 41 2, 432 corresponding to the 
dividing points forming forwardly directed peaks 
and the points 42 3 , 443, 42 2 , 442 corresponding to 
the midpoints forming the bottoms of forwardly 
directed valleys, as shown in Fig. 19, so that the 
intermediate wire rings 12 and the rear end wire 
ring IO2 are also folded to take a wavy shape 
having the same phase as that of the front end wire 
ring IO1. As the rings 10i and 10 2 are folded, the 
braid members 10a circumferentially arranged 
about the end wire rings 10i , 10 2 are also folded to 
take a wavy shape. As the artificial blood vessel A 
is collapsed, the thorns 12ai are pushed down to 
extend rearward or forward because of the above- 
mentioned construction. 

Thus, the artificial blood vessel A inserted into 
the connector 18b is introduced into the straw 64 of 
the cartridge 6, as shown in Fig. 20, by pulling the 
front pull string 20 farther forwardly. Under the 
condition, the front pull string 20 is untied and 
pulled at its end so as to be withdrawn from the 
loops 13, and the funnelled tube 18 is withdrawn 
from the cartridge 6 through the rear end portion 
6b thereof. Consequently, the artificial blood vessel 
A is contained in the straw 64 of the cartridge 6, as 
shown in Fig. 21, and only the pipe 23a of the 
balloon catheter 23 through which the tube 2 is 
passed is exposed outside through the rear end 
portion 6b of the cartridge 6 with the check valve 
65 opened a little. 

On the other hand, the catheter 8 has been 
previously inserted through, for example, the coxal 
artery adjacent the groin F into the blood vessel 9 
as far as the front end of the catheter 8 has been 
positioned a little beyond the affected portion 26 
such as an aneurysm of the aorta. The attachment 
5 connected to the open end 8a of the catheter 8 
is, as shown in Fig. 22, exposed outside the body. 
Next, the cartridge 6 into which the artificial blood 
vessel A has been inserted is pushed into the 
attachment 5 through the rear end portion 5a there- 
of with the check valve 5 opened, and the straw 64 
of the cartridge 6 is positioned so that the front end 
6a thereof is smoothly connected to the inner sur- 
face of the open end 8a of the catheter 8. Under 



the condition, the pipe 23a of the balloon catheter 
23 is gripped and the balloon catheter 23 is pushed 
so as to be inserted gradually deeply into the 
catheter 8. As the tube 2 is connected to the 

5 balloon catheter 23 through the fixing member 24 
and the artificial blood vessel A is held by the tube 
2, movement of the balloon catheter 23 causes the 
artificial blood vessel A to be transported gradually 
to the deep position in the body. The balloon 

10 catheter 23 is pushed until the front end of the tube 
2 is positioned at the front end of the catheter 8, as 
shown in Fig. 23. At this time the artificial blood 
vessel A is positioned at the affected portion 26 as 
the target position. Then, as the catheter 8 is 

15 withdrawn as shown in Fig. 24, with the balloon 
catheter 23 and the tube 2 into which the wire 3 is 
inserted left at the objective position, the collapsed 
artificial blood vessel A in the catheter 8 is re- 
leased at the affected portion 26 in the blood 

20 vessel 9 while expanding gradually from the front 
end as shown in Figs. 24, 25 and 26. The released 
artificial blood vessel A is restored to its original 
tubular shape and urged against the inner wall of 
the blood vessel 9. Then the fixing member 24 

25 shown in Fig. 12 is loosened to disconnect the 
balloon catheter 23 from the tube 2, and the bal- 
loon catheter 23 is advanced along the tube 2 into 
the artificial blood vessel A with the tube 2 kept at 
the objective position as far as the front end of the 

30 balloon catheter 23 reaches the front end of the 
artificial blood vessel A as shown in Fig. 27, where- 
upon the balloon 23b is inflated by introducing air 
through the opening 23c as shown by dash-and-dot 
lines in Fig. 27 thereby to restore the artificial 

35 blood vessel A completely to its original shape and 
securely fix it onto the inner wall of the blood 
vessel. At this time the thorns stick into the inner 
wall of the blood vessel 9 and are embedded 
therein. After the artificial blood vessel A has been 

40 thus fixed, the balloon 23b of the balloon catheter 
23 is deflated by drawing air through the opening 
23c and the balloon catheter 23 is pulled out from 
the artificial blood vessel A by pulling the pipe 23a 
rearwardly. Then it is confirmed that the artificial 

45 blood vessel A has been fixed onto the inner wall 
of the blood vessel 9, and then the wire 3 is pulled 
out of the tube 2. As the front end of the wire 3 
passes the rear edge of the side window 1 of the 
tube 2 as shown in Fig. 8, the loop portion 4a of 

50 the string 4 that has been caught by the wire 3 at 
the side window 1 is released from the wire 3. 
Under the condition, when the tube 2 is pulled out, 
the string 4 slips out of the loops 13 of the artificial 
blood vessel A. The balloon catheter 23 and the 

55 tube 2 are then connected again by the fastener 24 
and pulled out of the human body with only the 
artificial blood vessel A left at the desired position 
in the blood vessel 9. 

m 
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As mentioned above, in accordance with the 
invention, the artificial blood vessel A is implanted 
into the affected portion 26, and restored to its 
original shape thereby to effectively prevent occlu- 
sion of the affected portion 26 in the blood vessel 
9. With the above-mentioned collapsing method, 
the artificial blood vessel A can be collapsed with 
ease and accuracy. It is difficult to fold the front 
end wire ring, 1d into such a small shape that can 
be contained in a catheter 8 merely -by applying 
non-directional external forces thereto. However, 
the dividing points 41 1f 43i which equally divide 
the circumference of the front wire ring 1d are 
pulled forward and the midpoints 42i , 44i between 
the dividing points 41 1, 43i are restrained from 
moving forward following the dividing points 41 1, 
43i by a tapered surface 18d, so that the dividing 
points 41 1, 43i form forwardly directed peaks and 
the midpoints 42i, 44i form the bottoms of for- 
wardly directed valleys with the midpoints 42i , 44i 
serving as footholds, so that the front end wire ring 
1d as a whole takes a regular wavy shape. After 
the front end wire ring 10i has been folded, as the 
dividing points 41 1, 43i provided on the front end 
wire ring 10i are farther pulled forward by the front 
pull string 20, the pulling force is transmitted to the 
points 41 3 . 43 3 on the intermediate rings 12 cor- 
responding to the dividing points and the points 
41 2 , 43 2 on the rear end wire ring IO2 correspond- 
ing to the dividing points through the tensile cover 
7, and at the same time the points 42 3 , 44 3 on the 
intermediate rings 12 corresponding to the mid- 
points and the points 42 2 , 44^ on the rear end wire 
ring 10 2 corresponding to the midpoints are re- 
strained by the tapered surface 18d, so that the 
intermediate wire rings 12 and the rear end wire 
ring IO2 are also folded to take a wavy shape 
having the same phase as that of the front end wire 
ring 10i, thereby to enable the artificial blood ves- 
sel A to be collapsed into a small size with ease. 

"What should especially be referred to is that 
the method of collapsing the appliance to be im- 
planted in accordance with the invention is char- 
acterized by that the end wire rings 10i, 10 2 pro- 
vided at the opposite ends of the artificial blood 
vessel A are connected by only a tubular cover 7 
which is made of a flexible and tensile sheet; and 
that the front end wire ring 10i is pulled forward by 
means of the device B for transporting artificial 
blood vessels. The conventional method, in which 
the appliance to be implanted is pushed at the rear 
end so as to be inserted into a human organ, 
requires a relatively strong frame mainly of con- 
necting wire rings in order to transmit the force 
applied to the rear end portion of the appliance to 
the forward portion thereof. However, the invention 
is based on the idea of pulling the front end wire 
ring 10i forward, thereby to make insertion of the 



appliance easy even though no frame is provided. 
In addition, the cover 7 is transformed into any 
desired shape as the wire rings 10i, 12, 10 2 are 
folded, thereby to avoid the mutual interference of 
5 the cover 7 and the wire rings 10i, 12, IO2 which 
would otherwise occur if frames are provided. 
Therefore, the method of collapsing the appliance 
in accordance with this invention makes it possible 
to collapse the whole artificial blood vessel A into a 
10 small size with ease by folding each of the wire 
rings 10i, 12, 10 2 , into a wavy shape. 

In this embodiment, in order to collapse the 
appliance, the loops 13 are formed at the dividing 
points 41 1, 43i of the front end wire ring 1d and 
15 the front pull string 20 is passed through the loops 
13 and pulled forward, thereby to make the opera- 
tion of collapsing the appliance very easy. In par- 
ticular, the pulling force can effectively be trans- 
formed to a collapsing force because the dividing 
20 points 41 1 , 43i are gathered to approach each 
other by pulling the common front pull string 20 
passed through the pair of loops 13, 13. 

In this embodiment, the funnelled tube 18 
whose inner surface is gradually reduced in diam- 
25 eter toward the front end thereof is used to col- 
lapse the artificial blood vessel A. As the artificial 
blood vessel A is inserted into the funnelled tube 
18 deeper, the dividing points 41 1, 43i and the 
midpoints 42i , 44i are gathered to approach each 
30 other, thereby to enable the artificial blood vessel A 
as a whole to be collapsed into a small size. In this 
embodiment, as resiliency deformable projections 
18c are formed on the tapered inner surface 18d of 
the funnelled tube 18 so as to engage with the 
35 midpoints 42i, 44i, the midpoints 42i, 44i are 
pushed to approach each other by the counterforce 
of the projections 13c. A space is formed between 
the front end wire ring 10i and the funnelled tube 
18 due to the projections 18c, thereby effectively to 
40 prevent the artificial blood vessel A from being 
securely caught in the funnelled tube 18 due to the 
sliding resistance which would otherwise be in- 
creased if the front end wire ring 10i were in tight 
contact with the funnelled tube 18. The same is 
45 true with the intermediate wire rings 12 and the 
rear end wire ring 10 2 . 

In this embodiment, the flexible braid members 
10a are circumferentially arranged on the end wire 
rings 1O1 , IO2 so as to prevent particularly the front 
50 end wire ring 10i from being damaged to cause 
the artificial Wood vessel A to lose its function. In 
particular, if the front end wire ring 10i is bent 
beyond its elastic limit, not only it becomes difficult 
for the ring to be restored to its original annular 
55 shape but also it becomes impossible to move the 
ring in the catheter 8 because the bent portion is 
caught in the catheter 8. However, as the braid 
members 10a are provided, they diffuse the ten- 
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sion which would otherwise be locally applied to 
the dividing points 41 1, 43i when the dividing 
points 41 1, 43i are strongly pulled, thereby to 
prevent the dividing points from being bent beyond 
the elastic limit of the ring 10i. Consequently, the 
braid members 10a prevent plastic deformation of 
the front end wire ring 10i , provide the ring with a 
proper capability of restoring to the annular shape 
and of traveling smoothly in a catheter, and enable 
the front end wire ring 10i to be folded into a 
regular wavy form. 

The artificial blood vessel A constructed with- 
out a frame as mentioned above properly functions 
for the intended purpose. The artificial blood vessel 
A in accordance with the invention is so con- 
structed that the cover 7 itself is made of a tensile 
material and is held by the intermediate wire rings 
12 at appropriate points thereof, and that when the 
whole artificial blood vessel A is released from the 
state of being collapsed and each of the wire rings 
10i, IO2, 12 is resiliently restored to the annular 
shape, the cover 7 is restored to the original proper 
tubular shape by the wire rings 10i, IO2, 12. The 
conventional appliance having a frame, if put in a 
bent portion of a human organ, is likely to be 
deformed flatly because of mutual interference of 
the component parts. However, the artificial blood 
vessel A having no frame in this embodiment can 
be transformed into any desired shape so as to 
conform to different shapes of human organs. 

In this case, as the cover 7 is of a sheet woven 
with warps and wefts, and the warps are made of 
mono-filament of polyester (about 15 denier), 
whose stiffness helps keep the shape of the cover 
7, and the wefts are of multi-filament of polyester 
(about 50 denier), whose closeness gives the sheet 
waterproofness, the whole cover 7 is flexible, resis- 
tive to axial tension, keeps its tubular shape by 
itself, and can prevent leakage of blood. 

As the sheet of the cover 7 is in the form of 
bellows, the whole artificial blood vessel A is easily 
bendable so that the condition of the artificial blood 
vessel A implanted into a human organ is im- 
proved. As the restraining strings 14 bridge the end 
wire rings 10i, IO2, the bellows can be prevented 
from stretching beyond the limit to become flat. 

In this embodiment, as the flexible braid mem- 
bers 10a are circumferentially arranged on the end 
wire rings 10i, IO2 of the artificial blood vessel A, 
the inner wall of a human organ can be prevented 
from being damaged by direct contact with the<end 
wire rings 10i , IO2 in addition to the advantage that 
the front end wire ring 10i can be prevented from 
being plastically deformed when folded into a small 
size as mentioned above. The braid members 10a 
also help seal both ends of the implanted artificial 
blood vessel A tightly to the inner wall of a human 
body, thereby to effectively prevent leakage of 



blood through the ends of the artificial blood vessel 
A when implanted. 

As the thorns 12ai project from the intermedi- 
ate wire rings 12, they stick into the inner wall of a 

5 human organ to be embedded therein so that the 
whole artificial blood vessel A is fixed to the human 
organ. Therefore, after the artificial blood vessel A 
has been implanted in the human organ, the thorns 
12ai effectively prevent displacement of the artifi- 

10 cial blood vessel A, which may cause the vessel A 
to be carried by blood flow downstream in the 
blood vessel. As each of the thorns 12ai is formed 
by curving a wire into a loop, crossing both end 
portions of the wire, and fixing the crossed parts 

75 with a string or the like, the thorns 12ai can be 
formed with ease and remain reliable in use for a 
long time, even though the intermediate wire rings 
12 are made of a material which is difficult to weld. 
On the other hand, by using the device C for 

20 introducing artificial blood vessels in accordance 
with the invention, the artificial blood vessel A can 
be smoothly introduced into the catheter 8. In par- 
ticular, the artificial blood vessel A is inserted into 
the cartridge 6 by opening the check valve 55 as 

25 far as the artificial blood vessel A reaches a posi- 
tion so that it is completely contained therein. Be- 
fore or after the above insertion, the cartridge 6 is 
attached to the attachment 5 provided at the open 
end 8a of the catheter 8, and then the artificial 

30 blood vessel A is pulled forward farther so as to be 
introduced into the catheter 8 through the attach- 
ment 5. In this case, when the check valve 55 in 
the attachment 5 is opened, the check valve 65 of 
the cartridge 6 is closed, so that blood flowing into 

35 the cartridge 6 is prevented from flowing outside 
the body through the cartridge 6 without fail. In 
addition, if the artificial biood vessel A is inserted 
directly into the catheter 8, the artificial blood ves- 
sel A cannot be inserted smoothly because the 

40 catheter 8 and the artificial blood vessel A are 
flexible, and the catheter 8 is likely to be bent by 
the force applied to the catheter 8 or the artificial 
blood vessel A, thereby to block the path of the 
artificial blood vessel A or to damage the catheter 

45 8 itself. However, in this embodiment, as the artifi- 
cial blood vessel A is to be inserted into the 
catheter 8 through the attachment 5 and the car- 
tridge 6, the attachment 5 and the cartridge 6 are 
made relatively strong and easy to handle, so that 

50 the catheter 8 will not be broken, thereby to enable 
the artificial blood vessel A to be introduced into 
the catheter 8 smoothly with ease. In this case, as 
the bore diameter di of the attachment 5 of the 
catheter 8 is made bigger than the bore diameter 

55 d3 of the open end 8a of the catheter 8 and the 
bore diameter 62 of the front end portion of the 
cartridge 6 is smoothly connected to the bore 
diameter d3 of the open end 8a of the catheter 8 
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when the cartridge 6 is attached to the attachment 
5, the artificial blood vessel A can be prevented 
from being swollen in the attachment 5 and caught 
therein, so that the artificial blood vessel A can be 
introduced directly deeper into the catheter 8. 

The invention is not limited to the above-men- 
tioned embodiments. For example, in the above 
embodiment, the front end wire ring 10i has its 
circumference divided into two equal arcs to set 
two dividing points 41 1, 43t and the two midpoints 
42i, 44i. As shown in Fig. 28, four dividing points 
141i, 143i, 145i, 147i and four midpoints 142i, 
144, ', 146i, 148i may be set by quadrisecting a 
front end wire ring 110i . As shown in Fig. 29, three 
dividing points 241! , 243i, 245i and three mid- 
points 242i , 244i , 246i may be set by trisecting a 
front end wire ring 21 0i . 

In the above embodiment, the device B for 
transporting artificial blood vessels is provided with 
a pair of strings 4 with loop portions 4a. The strings 
4 need not always be provided in a pair. However, 
the strings provided in a pair are effective because 
a balanced pulling force can be applied to the 
artificial blood vessel A. The loop portions 4a may 
be twisted as a whole. 

As the balloon catheter 23 is used in the above 
embodiment, the device B for transporting artificial 
blood vessels is incorporated into the balloon cath- 
eter 23. If the balloon catheter 23 is unnecessary, 
the artificial blood vessel A may be introduced into 
or taken out of the catheter by directly operating 
the tube 2 of the device B for transporting artificial 
blood vessels. 

The following method of supporting restoration 
of the appliance to be implanted is effectively used 
in the above embodiment. The method is to enable 
the artificial blood vessel A as the appliance to be 
implanted to be pulled rearward at the rear end 
wire ring IO2 through the rear loops 13a formed on 
the rear end wire ring IO2 of the artificial blood 
vessel A at the points 42 2 , 44a corresponding to 
the midpoints as shown in Fig. 30. In particular, in 
the above embodiment, for example, the artificial 
blood vessel A may be mistakenly released at a 
position off the affected portion 26 shown in Fig. 
26. In such a case, when the artificial blood vessel 
A is pulled backward by operating the device B for 
transporting artificial blood vessels, the front end 
wire ring 1d only moves toward the rear end wire 
ring 10 2 , so that the artificial blood vessel A shrinks 
. in the axial direction thereof and may not be re- 
stored to a proper shape. In case the balloon 
catheter 23 is inserted into the artificial blood ves- 
sel A which has been released at a constricted 
part, the balloon catheter 23 may not be inserted 
with accuracy into the opening of the rear end wire 
ring 10 2 of the artificial blood vessel A but be 
caught by the peripheral edge of the opening, and 



the rear end wire ring 10 2 is pushed toward the 
front end wire ring 10i and shrinks in the axial 
direction thereof, so that the artificial blood vessel 
A may not be restored to a proper shape. Once 

5 this happens, the above-mentioned device B for 
transporting artificial blood vessels can no longer 
be an effective means for correcting the shrinkage 
of the artificial blood vessel A or pulling it back to 
where it should have been released, as it has a 

10 function of only pulling the front end wire ring 
forward. 

In such a case, it is effective to use both a 
method of and a device for pulling the artificial 
blood vessel A back to the proper position after it 
75 has been released. 

Figs. 30 and 31 show a device D for helping 
restoration for the above purpose, which comprises 
a pair of tubes 102 each of which is provided with 
a side window 101 near its front end, and a pair of 
20 wires 103 each of which is inserted into one of the 
tubes 102. Rear loops 13a are formed at the points 
42 2 > 442 on the rear end wire ring IO2 correspond- 
ing' to the midpoints, and the rear loops 13a are 
directly hooked by the wires 103 which have been 
25 pulled out of the tubes 102 through the side win- 
dow 101, and the rear loops 13a are held by the 
wires 103 by inserting the wires 103 into the tubes 
102 again. Then the tubes 102 each of which 
contains the wire 103 are introduced into the cath- 
30 eter 8 together with the artificial blood vessel A. In 
particular, a bore 23d oblong in transverse section 
is formed in the wall of the pipe 23a of the balloon 
catheter 23 used in the above embodiment to ex- 
tend along the length of the pipe from the rear end 
35 thereof to near the balloon 23b as shown in Fig. 32. 
An open window 23di is formed at the rear end of 
the bore 23d, into which a pair of tubes 102 are 
introduced through the window 23di and drawn out 
through an open window 23d 2 formed at the for- 
40 ward end of the bore 23d. The tubes 102 can be 
moved together with the balloon catheter 23 lon- 
gitudinally when the balloon catheter 23 is pulled 
forward, and they can also be moved relative to the 
balloon catheter 23 longitudinally when the tubes 
45 102 alone are operated. The device D for helping 
restoration is used when the position of the artificial 
blood vessel A is to be adjusted after it has been 
released as shown in Fig. 26, or when the balloon 
catheter 23 is inserted into the artificial blood ves- 
50 sel A as shown in Figs. 26 and 27. When the 
artificial blood vessel A has been released at a 
position a little ahead of the affected portion 26 as 
shown in Fig. 26, the tubes 102 containing the wire 
103 is pulled rearward to pull back the rear end 
55 wire ring 10 2 thereby to cause the front end wire 
ring 10i to follow the rear end wire ring 10 2 . When 
the balloon catheter 23 is inserted as shown in 
Figs. 26 and 27, the tubes 102 containing the wires 
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103 are pulled back to hold the rear end wire ring 
102 not to move forward, and the balloon catheter 
23 is pushed into the artificial blood vessel A. 
Then, only the wires 103 which are contained in 

the tubes 102 are pulled rearward as far as the 5 
front end of the wires 103 reaches the side window 
101 of the tubes 102, whereupon the rear loops 
13a of the artificial blood vessel A are released 
from the wires 103, so that the artificial blood 
vessel A is detached from the device Dior helping 10 
restoration. As a result, the device D for helping 
restoration as well as the balloon catheter 23 can 
be withdrawn with only the artificial blood vessel A 
left in the affected portion 26. 

By using these devices jointly, a proper dis- 15 
tance between the front end wire ring 10i and the 
rear end wire ring IO2 can always be maintained. 
Therefore, it is possible to prevent the artificial 
blood vessel A from being shrunk longitudinally to 
deform its proper shape, and to complete insertion 20 
of the balloon catheter 23 and adjustment of the 
position of the artificial blood vessel A quickly and 
accurately. 

The device for helping restoration of the appli- 
ance to be implanted can be of a construction 25 
shown in Fig. 33. The device is provided near the 
side window 101 of the tube 102 with a pair of 
strings 104 each of which has its front end portion 
formed into a loop. The loop portion of each string 

104 is passed through a pair of rear loops 13a and 30 
hooked by the wire 103 like the device B for 
transporting artificial blood vessels. The tube 102 

also is contained in the pipe 24a of the balloon 
catheter 23 and transported like the above-men- 
tioned tube 102. 35 

In the above-mentioned embodiments, in some 
cases the balloon catheter 23 are not used. In such 
cases the tube 102 is to be detachably connected 
with the device for transporting the artificial blood 
vessel so that the tube and the device can be 40 
transported as a unit. 

POSSIBLE APPLICATIONS IN INDUSTRY 

As mentioned above, the method of collapsing 45 
the appliance to be implanted in accordance with 
the invention is useful to fold the wire rings, which 
are components of the appliance, into small, regu- 
lar wavy shapes of the same phase, thereby to 
collapse the appliance into a small size. The appli- 50 
ance to be implanted in accordance with the inven- 
tion can be implanted into a target position without 
fail and has an appropriate construction so as not 
to hinder the operation of collapsing. The device 
for introducing the appliance to be implanted into 55 
the catheter is useful to introduce the appliance 
into the catheter without bleeding. 



Claims 

1. A method of collapsing the appliance to be 
implanted, comprising a pair of discrete end 
wire rings, a tubular cover made of a flexible, 
tensile sheet which connects said end wire 
rings, and a plurality of intermediate wire rings 
spaced apart from each other between said 
end wire rings and circumferentially fixed to 
said cover by suturing or with adhesive, char- 
acterized by the steps of; pulling said front end 
wire ring forward at a plurality of dividing 
points which equally divide the circumference 
thereof while restraining midpoints between 
each adjacent two of said dividing points from 
moving forward following the movement of the 
dividing points by a tapered surface so as to 
fold said front end wire ring into a wavy shape 
with the dividing points forming forwardly di- 
rected peaks and the midpoints forming the 
bottoms of forwardly directed valleys; and pull- 
ing said dividing points of the front wire ring 
farther forward so as to fold said intermediate 
wire rings and the rear end wire ring into a 
wavy shape having the same phase as that of 
the front end wire ring by the effect of restraint 
with the tapered surface. 

2. The method of collapsing the appliance to be 
implanted, described in claim 1 and character- 
ized by that at the dividing points on the front 
end wire ring loops are formed for a front pull 
string to be passed through and pulled for- 
ward. 

3. The method of collapsing the appliance to be 
implanted, described in claim 2 and character- 
ized by that a common front pull string is 
passed through the plurality of loops and pul- 
led to gather said dividing points on the front 
end wire ring toward each other. 

4. The method of collapsing the appliance to be 
implanted, described in claim 1 and character- 
ized by that a guide tube whose inner surface 
is tapered with its diameter decreasing toward 
the front end thereof is provided; that with said 
appliance to be implanted introduced into the 
guide tube the dividing points on the front end 
wire ring are pulled forward to gather said 
dividing points and said midpoints on each of 
the wire rings toward each other respectively. 

5. The method of collapsing the appliance to be 
implanted, described in claim 4 and character- 
ized by that resiliently transformable projec- 
tions are formed on the tapered surface of said 
guide tube; and that the forward movement of 
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the midpoints on each of the wire rings follow- 
ing the front end wire ring are restrained by 
contact with the, projections so that the mid- 
points are urged toward each other. 

6. The method of collapsing the appliance to be 
implanted, described in claim 1 and character- 
ized by that said end wire rings are circum- 
ferentially covered with protective material. 

7. An appliance to be implanted, characterized by 
that a pair of resiliently collapsible discrete end 
wire rings are arranged spaced apart from 
each other; that said end wire rings are con- 
nected by only a tubular cover made of a 
flexible, tensile sheet; that intermediate wire 
rings are arranged between the end wire rings; 
and that said intermediate wire rings are fixed 
to said cover at appropriate circumferential po- 
sitions with thread, adhesive or the like. 

8. The appliance to be implanted, described in 
claim 7 and characterized by that said flexible, 
tensile sheet is woven with warps extending in 
the axial direction of said appliance and wefts 
extending in the circumferential direction there- 
of, wherein said warps are of mono-filament of 
polyester capable of keeping its shape and the 
wefts are of waterproof multi-filament of poly- 
ester. 

9. The appliance to be implanted, described in 
claim 7 and characterized by that the sheet of 
said cover is formed into bellows. 

10. The appliance to be implanted, described in 
claim 9 and characterized by that said end 
wire rings at the opposite ends are connected 
by restraining strings so as to prevent said 
bellows from being stretched beyond a given 
limit. 

11. The appliance to be implanted, described in 
claim 7 and characterized by that said end 
wire rings at the opposite ends are circum- 
ferentially covered with flexible protective ma- 
terial. 

12. The appliance to be implanted, described in 
claim 7 and characterized by that thorns are 
provided projecting from the circumference of 
at least one of said wire rings so as to stick 
into a human organ to be embedded therein. 

13. The appliance to be implanted, described in 
claim 12 and characterized by that said thorns 
are formed by curving a length of wire into a 
loop, crossing the opposite end portions there- 



of, fixing the crossing point thereof and for- 
ming the opposite end portions beyond the 
crossing point into said thorns. 

14. A device for introducing the appliance to be 
implanted into a catheter, characterized by 
comprising an attachment formed at the open 
end of said catheter which is closed at its open 
end by a flexible check valve, and a cartridge 
removably attached to said attachment and 
having its front end portion communicating 
with said catheter when the cartridge is at- 
tached to the attachment and its open end 
closed by a flexible check valve; and that the 
check valve of the cartridge is pushed open to 
introduce the appliance to be implanted into 
the cartridge, and with the check valve of the 
cartridge kept nearly closed, the front end por- 
tion of the cartridge is inserted into the cath- 
eter by pushing open the check valve of the 
attachment. 

15. The device for introducing the appliance to be 
implanted into the catheter, described in claim 
14 and characterized by that the bore diameter 
of the attachment of said catheter is bigger 
than that of the open end of said catheter, and 
the front end portion of said cartridge is 
smoothly connected to the open end of said 
catheter though the attachment of the catheter 
with respect to bore diameter when the car- 
tridge is attached to the catheter. 
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